SLS Evaluation Assumptions for CSI Measurement and Reporting of FeMIMO in Rel-17


[bookmark: _Ref5850594][bookmark: _Ref32248407]Introduction
In 3GPP TSG RAN Meeting #86, CSI measurement and reporting has been agreed as one of NR MIMO objectives for further enhancement in Rel-17 [1], shown as following.
Enhancement on CSI measurement and reporting:
· Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
· Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead
Moreover, in RAN1 94bis [2] evaluation methodologies for eMBB multiple-TRP/panel transmission and SLS assumptions for CSI enhancement have been widely discussed and agreed. Therefore from feather lead perspective, RAN1 94bis agreements shall be considered as the starting point of evaluation methodology discussion of CSI enhancement in Rel-17. Further discussion can focus on aligning RAN1 understanding for some details of evaluation methodology (if need) catering for Rel-17. 

Rel-16 DL multi-TRP and/or multi-panel transmission (Agreements from RAN1 94bis)
· For multi-TRP/panel performance evaluation:
· For eMBB in FR1, 10MHz BW and 15kHz SCS are baseline.
· For eMBB in FR1, 20MHz BW and 30kHz SCS are optional.
· For eMBB in FR2, 80MHz BW and 120kHz SCS are baseline.
· For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item
· For eMBB multi-TRP/panel performance evaluation, FTP traffic model 1 with packet size 0.5Mbytes as a baseline, and other traffic model is not precluded. RU=20/40/60% are baseline, and optional low RU (e.g. 5/10) can be considered.
· For eMBB multi-TRP/panel performance evaluation, MMSE IRC is the baseline, and advanced receiver is not precluded. Practical channel estimation and feedback model are used.   
· For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:
· Ideal backhaul: 0ms
· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 
· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:
· Ideal backhaul: 0ms
· Non-ideal backhaul: 2ms, 5ms(FFS, optional)
· Companies to provide the delay values used in their evaluations
· Baseline scheme to evaluate eMBB multi-TRP enhancements is DPS or single TRP
· Each company to provide the details on backhaul delay, CSI reporting, transmission scheme, scheduling, etc
Table 1 SLS assumption for eMBB multi-TRP/panel enhancement
	Parameters
	Dense urban (Macro Only)
	Indoor hotspot

	Carrier frequency
	2GHz/4GHz is baseline (each company to choose 1 or more)
30GHz is optional
	4GHz is baseline,
30GHz is optional

	Channel model
	TR38.901

	TP antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)λ for FR1

2 ports (8,8,2,1,1) and 8 ports (4,8,2,2,2) for 30GHz

Other antenna configurations is not precluded (such as 32 ports)
	2 ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)
for 4GHz

2 ports: (4,4,2,1,1) for 30GHz

Other antenna configurations is not precluded.

	UE antenna configuration
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for FR1

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for 4GHz

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180


	Coordination assumptions
	Each company to provide details on cluster size, coordination scheme, etc 



Rel-16 CSI enhancement (Agreements from RAN1 94bis)
Table 2 SLS assumptions for CSI enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.


	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 50/70 % for CSI overhead reduction
· 20/50 % for high rank extension
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-15 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. (Type I Codebook can be considered at least for performance evaluation)
· Companies are encouraged to compare the proposed overhead reduction scheme with Rel-15 overhead reduction scheme, 
Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 



Evaluation Assumptions for CSI reporting for DL multi-TRP and/or multi-panel transmission
In terms of evaluating CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2, from FL perspective, Rel-16 SLS assumptions can be sufficient without the need of further discussion, which has covered both FR1/FR2, dense urban/indoor, eMBB/URLLC etc. Moreover, whether Rel-17 shall cover extended scenarios/assumptions in other M-TRP objectives can be discussed at corresponding M-TRP objectives, if need. Once those details from other M-TRP objectives can be confirmed and agreed in RAN1, CSI reporting enhancement for DL multi-TRP/panel transmission can accommodate those changes accordingly. The baseline is CSI reporting supporting DL multi-TRP/panel transmission, up to Rel-16. 

	Company
	Comments

	Feature Lead 
	The agreements of Rel-16 evaluation assumptions for DL multi-TRP/panel transmission can be the start point in Rel-17. Further agreements of evaluation assumptions, if any, from other Rel-17 M-TRP objectives can be considered as well. 
The baseline is CSI reporting supporting DL multi-TRP/panel transmission, up to Rel-16. 

	
	



Evaluation Assumptions for Type II port selection codebook enhancement

Rel-16 Evaluation Assumption for CSI enhancement
In terms of evaluating Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, from the FL perspective, Rel-16 SLS assumptions for eType II codebook design can be considered as the starting point of further discussion. Some remaining issues, due to introduce DL/UL reciprocity, shall be revisited and aligned within RAN1 as much as possible. 
	Company
	Comments

	Feature Lead 
	Consider Table 2, i.e. SLS assumptions for CSI enhancement in Rel-16, as a starting point with potential revisions/clarifications in following sections. 

	
	



Channel Model for FDD partial reciprocity
Channel model for frequencies from 0.5 to 100 GHz can be found in TR38.901 [3]. However, in order to evaluate  Type II port selection codebook utilizing information related to angle(s) and delay(s) estimated at the gNB based on SRS due to DL/UL reciprocity, a channel model including both Uplink and Downlink channels shall be clarified, especially for a FDD band. Section 7.5 of TR 38.901 seems to be insufficient in terms of clarity of how to model FDD partial reciprocity. 
To avoid unnecessary ambiguity, in our view, there are three possible options to model FDD partial reciprocal channels:
· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897
· Opt. 2: The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 
· Opt. 3: The reciprocity model of DL/UL channel is based on Section 7.6.5.1 of TR 38.901
Opt.1 was designed and agreed specifically for FDD reciprocity in LTE, which has clearly described the relationship between uplink and downlink channel parameters in FDD in terms of instantaneous channel generation. Therefore Opt. 1 can be relatively easy to be adopt on top of TR 38.901 to mitigate changes of SLS, so as to evaluation assumptions. 
Opt.2 has described how to generate channel parameters from different frequencies, which can be correlated in terms of large/small scale parameters. Opt.2 may be mainly designed for carrier aggregation with frequency duplexing distance between two CCs larger than a FDD band. On the other hand, Opt.2 can be utilized for modeling FDD channel reciprocity if some detailed procedures can be further clarified. For example, Section 7.6.5 indicates that cluster delays/angles are the same for all frequency bands (assuming for both DL and UL frequency of a FDD band), which may not be fully aligned with the generation mechanism of section 7.5. Therefore UL channel generator may need to be clarified firstly, and then adjusted accordingly based on RAN1 decision. 
Opt. 3 has provided an alternative to ensure that cluster delays/angles are frequency-independently. However the main drawback of section 7.6.5.1 is that the generation mechanism differs significantly from the approach described in Section 7.5. For example, the angle of each cluster is modeled as being related to both angle spread/power in Section 7.5, whilst it is determined by a fixed proportionality factor and the angle spread at an anchor frequency in Section 7.6.5.1. Therefore Section 7.6.5.1 may lead to profound RAN1 effort by adjusting channel modelling mechanisms for both DL and UL channel in SLS, and potentially require extra calibration effort since Section 7.6.5.1 may not be commonly used by RAN1 in previous releases. 

	Company
	Comments

	Feature Lead 
	Prefer Option 1 

	
	



Frequency Range
Based on TS 38.101-1 [7], it can be found that NR operating bands below 3GHz are typically around 2.1GHz. Duplexing distance for 2.1GHz is around 200 MHz in general. Moreover, operators are also actively considering larger bandwidth and sub-3GHz FDD bands globally. For example: 
· For China Telecom, the frequency range 2110MHz ~ 2130MHz is allocated for downlink, and the frequency range 1920MHz ~ 1940MHz is allocated for uplink. For China Unicom, the frequency range 2130MHz ~ 2155MHz is allocated for downlink, and the frequency range 1940MHz ~ 1965MHz is allocated for uplink. Moreover, China Telecom and China Unicom have agreed to share the spectrum of 2.1GHz and co-build 5G network for all customers from both China Telecom and China Unicom so that total 45MHz bandwidth (the frequency range 2110MHz ~ 2155MHz) will be available in FR1. In the future, another 5MHz bandwidth for DL may be distributed as well for co-building from adjacent 10MHz (e.g. 2155MHz ~ 2165MHz), which enables total 50MHz bandwidth to be shared; 
· For DOCOMO, the frequency range 2130MHz ~ 2150MHz is allocated for downlink, and the frequency range 1940MHz ~ 1960MHz is allocated for uplink; 
· For M1 in Singapore, the frequency range 2140.1MHz ~ 2159.9MHz is allocated for downlink, and the frequency range 1950.1MHz ~ 1969.9MHz is allocated for uplink; 
· For Djibouti Telecom, the frequency range 2110MHz ~ 2170MHz is allocated for downlink, and the frequency range 1920MHz ~ 1980MHz is allocated for uplink;
· For Andorra, the frequency range 2110.5MHz ~ 2169.7MHz is allocated for downlink, and the frequency range 1920.5MHz ~ 1979.7MHz is allocated for uplink;
	Company
	Comments

	Feature Lead 
	Suggest to revise it as “FR1 only, 2GHz and 4GHz.”

	
	



Simulation bandwidth/ BS Tx power
Similar discussion shown in above section, we may consider larger simulation bandwidth (and associated BS Tx power), with 20MHz as the baseline. 

	Company
	Comments

	Feature Lead
	Suggest to revise it as “10/20 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.”
Suggest to revise as “41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz”

	
	



UL sounding based on SRS
One of remaining issues of clarification for evaluation assumption is for UL channel estimation based on SRS. CSI acquisition based on partial channel reciprocity needs to obtain information related to angle(s) and delay(s) from SRS. There it can be worth considering some evaluation assumptions related to SRS configuration details, e.g. SRS periodicity similar with CSI feedback periodicity, and UL channel estimation modelling after generating UL channel, e.g. SRS error model shown in Table 3 below. The SRS error model has been provided in Table A.1-2 of TR 36.897 [4], which can be relatively easy to be implemented by companies’ SLS simulators by calculating SRS SINR and gives rise to reasonable estimation error of angle(s)/delays of propagation paths obtained from UL sounding. 

	Company
	Comments

	Feature Lead 
	Consider following SRS modeling for UL channel estimation:
· SRS periodicity with 5ms/10ms
· [bookmark: _GoBack]SRS error Modelling in Table A.1-2 in 36.897 

	
	



Table 3 SRS Error Modelling (Table A.1-2 in 36.897)
	Parameters
	Values

	SRS error modelling
	
, according to [5][6] - Note

	







NOTE:	is the estimated channel, is the channel response in frequency domain, is the white complex Gaussian variables with zero mean and variance , is the scaling factor . The details of calculation on  should be provided by each company and additional factors (e.g, SRS interference due to UL traffic, non-perfect open loop power control, UE TX antenna gain imbalance modelling) may be considered. where,

                 Interference power:
· no intra-cell SRS interference
· for inter-cell SRS interference: UEs are randomly grouped to 4 groups in baseline cases, UEs in the same group (in different cells) would interfere with each other’s SRS; 
· Use pathloss/linkloss for interference calculation
· Inclusion of CAZAC sequence gain needs to be clarified
Signal power:
· Use open loop power control (based on linkloss from serving cell)
· Ex: SINR based on pathloss can be derived by: 




  where  is the received SINR of the target UE t at cell c, M is the number of SRS interferers considered in the simulation, is the transmit power of UE i based on open loop power control, is the pathloss from UE i to cell c.   
Δ (Delta):
· The details of delta derivation should be provided by each company
· Example can be a constant value of 9 dB
· Other values are not precluded, and may be determined by LLS or other look-up table
 Note that baseline is given by the following - “4 groups” corresponds to 2 SC-FDMA symbols and 2 comb per 5ms for SRS transmission. “no intra-cell SRS interference” assumes that in a SC-FDMA symbol not more than 4 CSs are used for SRS transmission simultaneously.
Each company should provide detailed assumptions including power control parameter settings (e.g., alpha, P0) in a contribution. Note that example of power control setting parameters existed in R1-144943.




Baseline for performance evaluation
The baseline for performance evaluation for enhancing Type II port selection codebook (based on Rel.15/16 Type II port selection) in Rel-17 shall be revised accordingly. To be consistent with previous releases with a fair comparison, it is preferred to use Rel-16 port-selection eTypeII codebook as the baseline so that beamformed CSI-RS overhead of PS eTypeII codebooks shall be aligned among different releases. 
	Company
	Comments

	Feature Lead
	Rel-16 PS eTypeII Codebook is the baseline for performance and overhead evaluation. (Type I Codebook can be considered at least for performance evaluation)

	
	




Other Minor Text Updating 
There are some minor text updates to ensure consistency of evaluation assumption descriptions for CSI reporting enhancement WIDs in Rel-16 and Rel-17. 
	Company
	Comments

	Feature Lead 
	Traffic load (Resource utilization):
· 50/70% for SU/MU-MIMO with rank adaptation
· 20% for SU-MIMO or SU/MU-MIMO with rank adaptation
· Companies are encouraged to report the MU-MIMO utilization.

	
	



Conclusion (TBD)
TBD
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